Abstract : Childhood overweight/obesity is growing steeply, globally. It is usually regarded as a risk factor for severe obesity over life-time course. Here, we investigated temporal course of overweight/obesity development in Japanese school children. A six-year longitudinal study was performed on 16,245 Japanese primary school children (8,427 boys and 7,818 girls) comprising three cohorts of 1 st !3 rd grade. A baseline survey was conducted at 2001, followed by annual baseline studies from 2002!2007 to determine the prevalence and track overweight/obesity. Our results showed that the prevalence of overweight was 15!23% % in boys and 15!18% % in girls, however, for obesity it ranged between 4!7% % in boys ; and 2!4% % in girls. As regards for tracking status, 60!80% % of overweight and 35!70% % of obese Japanese primary school boys track into overweight or obese junior high school adolescents. However, these percentages are lower among primary school girls, where only 50!70% % overweight and 30!60% % obese primary school girls track into overweight and obese adolescents, respectively. We conclude that Japanese boys are fatter than girls ; and !80% % of overweight/obese Japanese primary school children track into junior high school overweight/obese adolescents. J. Med. Invest. 57 : 114-123, February, 2010
INTRODUCTION
The prevalence of overweight and obesity has increased globally, forming a serious problem among children and adults ; and they are becoming one of the major public health issues in the developed countries including Japan (1) (2) (3) (4) (5) (6) . Childhood overweight and obesity comprise a risk factor for adulthood obesity ; and strong associations of overweight and/or obesity with cardiovascular diseases and metabolic syndrome in adolescence has been established (7) (8) (9) (10) .
Measuring the body mass index (BMI, kg/m 2 ) is a simple and acceptable screening anthropometric measurement for detecting overweight and obesity in children and adolescents (11) . However, during childhood the BMI changes substantially with age, which makes setting BMI cut-off points for deciding overweight/obesity a bit difficult ; and such BMI cut-off points will need adjustment for age to allow comparing the targeted children with their peers of the same age and sex (12) .
On 2000, Cole et al. had provided age and genderspecific BMI cut-off points starting from childhood based on international data from different countries, which is linked to adults' cut-off points BMI !25
ORIGINAL
Tracking overweight and obesity in Japanese children ; a six years longitudinal study (13) . Worldwide as well as in Japan, the recent reports have indicated that the prevalence of obesity in school children has been increasing rapidly in epidemic proportions (14) . However, there are only few studies (15) on tracking of overweight/obesity in Japanese children ; and those studies are either including small sample sizes without using internationally acceptable definitions of childhood overweight/obesity or including a large sample size but of voluntary participants and without longitudinal tracking of obesity status that cannot guarantee generalization of their findings to all children in Japan (15) (16) (17) . The purpose of our study is to demonstrate the temporal course of development of overweight/ obesity on a large scale among Japanese primary school children with tracking their BMI status into the junior high school adolescence period, in Tokushima prefecture, Japan.
SUBJECTS AND METHODS

Subjects
In the present study we aimed at studying the prevalence of overweight/obesity among school children at Tokushima Prefecture, Shikoku Island, Japan ; and to find out the age at which these Japanese children start to gain weight and develop overweight or obesity by tracking childhood overweight/ obesity of primary school children for six years. Our main target of such studies is to understand the starting age of the school children to become overweight or obese in order to tackle the problem at its early stages with the proper means of intervention.
For these purposes we designed a longitudinal prospective cohort study that started on April, 2001 ; with three cohorts of primary school children who belonged to 1 st grade i.e., 6 years old (Cohort A), 2 nd grade i.e., 7 years old (Cohort B) and 3 rd grade i.e., 8 years old (Cohort C) ; and followed up their height, weight and BMI annually, for six consecutive years till the year 2007. Data of the three baseline cohorts of 22,827 children (11,824 boys and 11,003 girls) were collected from all the 232 primary and 91 junior high schools in Tokushima Prefecture, Shikoku Island, Japan.
Throughout the six years cohort study, every year on the month of April, we assessed the anthropometric measurements (i.e., body weight and height) and calculate the BMI of every child in the three cohorts to detect the prevalence of overweight/ obesity among children and tracking their status as well as to calculate the percentages of children who returned to their normal BMI.
The anthropometric measurements (weight and height) were conducted for all the school children of the cohorts by the school nurses. Every child wore only the underclothing during the examinations. Weight was measured and recorded to the nearest 0.1 kg, and height was measured and recorded to the nearest 0.1 cm using a manual height board. BMI was then computed for all the children using the formula, weight (kg)/height (m 2 ). We encoded the collected data of all children according to their information regarding municipality, school, birth date and gender.
Since the data of children were kept anonymous for ethical considerations, we combined their anthropometric data during the six years cohort study with their age, sex, birth date, municipality and school code. While combining children's data, we found that many of them shared the same birth date, age, sex or school code, which complicated their data combination and caused them to remain unidentified. Thus, we omitted children who remained unidentified after data combination process or whose data were incomplete. The omitted data have not biased the analyzed children data. Additionally, we did not include data from schools for children with special needs. Therefore, our study was performed on data of 16,245 children (8,427 boys and 7,818 girls), whose data were complete and confirmed. Before starting this study we got the agreement of Tokushima board of education as well as the schools' administrations ; and the study was approved by the ethical committee of Tokushima University Hospital.
Statistical methods
After measuring the BMI for all children, they were classified as normal, overweight or obese by using BMI cut-off values according to the International Obesity Task Force by Cole et al. 2000 (13) . At the baseline study and annually, the prevalence of overweight/obesity were determined. All analyses were done for boys and girls, separately. Statistical analyses were performed using the software of statistical package for social sciences, SPSS ver11 (SPSS Inc.). Boys and girls BMI, overweight, obesity and tracking status were compared by the chi square test. P values less than 0.05 were considered significant.
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In this study "tracking of overweight" and "tracking of obesity" were defined as being overweight and obese from the baseline survey throughout the cohort till the final-year of the study. Among overweight/obese subjects at final year, the initial ages of onset of tracking overweight/obesity were identified. In each age category the number of subjects who first met the criteria of overweight/obesity during the follow-up was analyzed. We also analyzed the children BMI at the final-year of the research and compared it with the baseline data for tracking overweight/obesity of the three cohorts.
RESULTS
In this study, at the baseline study (on April, 2001) we measured the BMI for three cohorts of school children (cohort A, B and C) whose ages were 6, 7 and 8 years, respectively. We followed up the overweight status of 16,245 children (8,427 boys and 7,818 girls) by measuring their body weight, height and BMI at 7 points of time ; at the baseline and once per year throughout the six years of this longitudinal cohort study. Table 1 presents the annual means of BMI !SD for school boys and girls of cohorts A, B and C during the period from 2001 till 2007. Table 2 shows the annual prevalence of overweight and obesity among Japanese boys and girls of three cohorts. Generally, the prevalence of overweight/obesity were significantly higher among boys compared to girls. At the baseline survey of cohort A, the percentage of overweight boys was about 15% and increased steeply, year by year till it reached its peak when the children were at the age of 10 !11 years old, i.e. while being in the 5 th !6 th grades, primary schools. A similar overweight timetrend was observed for the other two boy cohorts of B and C. However, the percentage of overweight girls reached its peak earlier than boys, as the highest percentage of overweight girls was noticed when they were at the age of 8!9 years i.e., while being in their 3 rd !4 th grade of primary school. Tracking of overweight/obesity among school children was performed by comparing the BMI of children at the baseline with their status at the final year of the cohort study. Among boys, 10.43%, 10.88% and 11.27% were tracked as overweight and 2.84%, 2.29% and 2.11% were tracked as obese boys for cohorts A, B and C, respectively. However, these percentages were lower for girls, where, 8.46%, 8.23% and 8.55% were tracked as overweight and 1.32%, 1.27% and 1.29% were tracked as obese girls for cohorts A, B and C, respectively. Furthermore, 11.27% and 2.52% of boys' cohort A, and 6.74% and 1.92% of boys' cohort B were found overweight and obese, respectively, at the final year of the study ; however, at the baseline survey they were not. The percentages of children developing overweight/obesity were lower among girls' cohorts compared to their boys' peers (Table 3) . To find out if there is any significant difference between boys and girls for becoming overweight or obese by the end of the six-year longitudinal study, we compared boys with girls within the non overweight-non overweight (NOW-NOW) and non overweight-overweight (NOW-OW) groups ; and boys with girls within the non obese-non obese (NOB-NOB) and obeseobese (NOB-OB) groups.
Results show that boys in cohort A significantly became overweight (p!0.01) than girls ; and boys in cohorts A, B and C had significantly become obese (p!0.01, p!0.01 and p!0.05) than girls of the same cohorts. Table 3 also shows comparison between boys and girls of groups overweight-overweight (OW-OW) and overweight-non overweight (OW-NOW) in cohorts A, B and C. The percentage of overweight girls who returned back to their normal BMI by the end of the cohort study (6.7%, 7.1% and 8.6% for cohorts A, B and C, respectively) was significantly higher than boys (4.5%, 6.4% and 7.0% for cohorts A, B and C, respectively). Similar trend was found for cohort A, but not B or C, when comparing boys and girls within the obese-obese (OB-OB) and obese-non obese (OB-NOB) groups.
Interestingly, for cohort A, about 70% and 58% of NOW : non overweight OW : overweight NOB : non obese OB : obese Chi square test was used for comparing boys and girls regarding overweight or obesity tracking status. * p!0.05 ** p!0.01 the baseline overweight and obese boys, compared to 56% and 33.3% of the baseline overweight and obese girls, respectively, were tracked with the same status of overweight or obesity by the end of the six years cohort study. The differences in the tracking percentages among overweight or obese boys and girls of cohort A were statistically significant, p!0.01. Similar trends were observed for the other overweight boys' cohorts of B and C, however, the significant level was met only when comparing the baseline overweight boys and girls.
Contrary to this, 44.3%, 42.3% and 50.0% of the initially overweight girls attuned their BMI to the normal standards by the end of the study compared to 30.6%, 36.9% and 38.4% of initially overweight boys, from cohorts A, B and C, respectively.
These findings indicate that Japanese boys are fatter and their overweight or obesity track into middle childhood and early adolescence than girls (Table 4) .
DISCUSSIONS
Childhood overweight/obesity is increasing steeply, and growing globally in alarming trends (1) (2) (3) (4) (5) (6) . Furthermore, childhood overweight is a risk factor for severe obesity over the life course, with its-related morbidity and mortality from various diseases e.g., cardiovascular diseases, diabetes, cancers and metabolic syndrome (18) (19) (20) (21) .
Even though several overweight/obesity management programs are available for adults, most of these programs are not very successful (22) . Therefore, detecting, predicting, treating and preventing overweight/obesity in childhood is worthwhile in programs aimed for combating adulthood obesity.
Studies designed for tracking overweight/obesity status from childhood into adulthood are of great help in this regard. Only few studies in Japan, have been designed to track childhood overweight status, and if present, it either includes a small number of (15, 16) . The current study was performed in Tokushima prefecture, Shikoku Island, which has one of the highest prevalence rates of obesity (BMI !25) among adults compared to the national figures of Japan. From national surveys, the prevalence of obesity was found to be 37.2% and 27.8% for males ; and 26.1% and 22.2%, for females, as for Tokushima and nationwide values, respectively (23, 24) . Further, a recent report on school health survey 2006, by the Japanese Ministry of Education, shows that the prevalence of overweight and severe obesity among Tokushima school children is higher than those of nationwide values (25) .
Our study aimed at investigating the prevalence and tracking the status of overweight/obesity among three cohorts of school children, at Tokushima Prefecture, Shikoku Island, Japan. Therefore, we recruited all the primary schools in Tokushima (232 schools) to share in this longitudinal study. Hence, this cohort study included all the 1 st !3 rd grades children of Tokushima Prefecture's primary schools ; and seven cross-sectional studies were performed from 2001 to 2007 to determine the weight, height and BMI of the children and track their BMI status from childhood into early adolescence.
Since several definitions for overweight/obesity currently exist, and due to the lack of reliable national Japanese definitions and cut-off points to be used as a national reference for determining childhood overweight/obesity, we have chosen IOTF cut-offs of Cole et al. 2000 (13) , as a reference for this study.
Our results show that the prevalence of overweight is about 15!23% in boys and 15!18% in girls, however, for obesity the prevalence ranged between 4!7% in boys and 2!4% in girls. These results indicate that the prevalence of overweight/obesity is higher among Japanese boys than their age-peers' girls.
From the baseline study, about 15% and 5% of 6-years old boys were categorized as overweight or obese, respectively, just at the start of their primary school. A similar finding was observed for girls in cohort A, where 15% and 4% of girls have been already overweight or obese for age, respectively at the baseline survey.
These results indicate that overweight and obesity status start early in life ; and for both sexes about 15% of children start as overweight and !5% start as obese, even before the compulsory schools.
Furthermore, the highest percentages of obese boys were found when they were at the age of 8!9 years old (3 rd !4 th grade primary school), however, the girls' highest percentage of obesity was observed at the baseline study, and then it decreased in subsequent cross-sectional annual surveys.
These results show that overweight and obesity have been established in the early childhood periods even before the start of compulsory primary schools' life. Our findings are similar in this regard to that of Herman et al, 2008 , who stated that a considerable number of overweight and obese adolescents were tracked from their preschool ages (26) . Overweight/obesity that starts early in many children before the school age can be connected to the phenomenon of adiposity rebound and may track into mid-childhood and early adolescence. Williams and Goulding (2009) studied patterns of growth between ages 3 and 26 years and investigated its association with the timing of adiposity rebound. They concluded that early rebound is associated with increased depositions of fat in middle childhood, and risks associated with early rebound persist at least until early adulthood (27) . Therefore, early preventive intervention programs for overweight/obesity are strongly recommended to start earlier during the preschool periods and continue through the school life.
Moreover, about 10!11% and 2!3% of our Japanese primary school boys tracked respectively, into overweight or obese junior high school adolescents. However, these percentages were lower among primary school girls where only 8.5% and 1.3% tracked into overweight and obese adolescent girls, respectively. These results indicate that the prevalence of overweight/obesity is higher among Japanese boys, whose childhood overweight/obesity is more tracked to early adolescence than the Japanese girls of the same age. These results regarding male and female differences for overweight/obesity prevalence can be explained by gender differences in body composition, lean body mass, energy intake and expenditure as well as gender differences in leptin synthesis and serum leptin concentration (28, 29) .
As regards for tracking status, !70% of overweight !60% of obese Japanese primary school boys tracked into overweight or obese junior high school adolescents. However, these percentages are lower among primary school girls, where, only !55% overweight and !33% obese primary school girls tracked into overweight and obese adolescents, respectively.
